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SUMMARY 

A three-stage solid-fuel sounding rocket capable of carrying an 
81.5-pound payload to an altitude of 253 nautical miles is discussed. 
Data from two tests and estimated performance data are presented to 
show the effects of variation of launch angle, coast time between first- 
stage burnout and second-stage ignition, and payload weight. The effect 
of a typical wind profile on performance is also discussed. 

INTRODUCTION 

The need for test vehicles capable of reaching altitudes of 
200 nautical miles or more with payloads in excess of 50 pounds has led 
to the development of several such vehicles by the Pilotless Aircraft 
Research Division of the NASA. 
stage system which has been successfldly employed in two tests to boost 
payloads in the order of 80 pounds to altitudes of over 200 nautical 
miles. These two tests were conducted at the NASA Wallops Station for 
the Air Force Cambridge Research Center. The vehicles were designed and 
constructed by the University of Michigan Research Institute using the 
concepts and advice of the Langley Pilotless Aircraft Research Division. 

This paper discusses a solid-fuel three- 

Although the two tests were conducted to determine only trajectory 
information and nose-cone temperature measurements, the vehicles were 
of a type which has immediate potential for many experimental investi- 
gations such as upper atmospheric research, heat transfer, and reentry 
s tudie s . 
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Component 

This paper presents a description of the vehicles tested,  some 
resul ts  obtained from the t e s t s ,  and a discussion o f  the calculated 
effects  of payload, launch angle, coast  time, and winds on performance 
of high-altitude research vehicles of this type. 

Weight, l b  

DESCRIPTION OF TEST VEHICUS, INSTRUMENTATION, 

Nike booster motor, loaded 
Fin assembly 
Adapter, Nike t o  Recruit 

Total, loaded 

AND FLIGHT TEST PROGRAMS 

1,170.0 
76.5 

1,261.3 
14.8 

Test Vehicles 

Recruit motor (XM19El), loaded 
Flare 
Nose cone (model 1) 
Nose cone (model 2 )  

Total, loaded (model 1) 
Total, loaded (model 2) 

337.9 
15. 
83.5 
81.5 

436.8 
434.8 

. 

e 
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W i t h  the exception of the nose-cone package and instrumentation, a l l  
of the components used i n  the t e s t s  were "off the shelf"  items of proven 
r e l i a b i l i t y .  
f i n s  mounted at an angle of incidence of Oo. The second-stage f i n  
assemblies were 2.50 square f ee t  per panel uni ts  with Inconel leading- 
edge cap s t r i p s  t o  protect the panels from hi@ temperatures due t o  aero- 
dynamic heating. 
encountered by the th i rd  stage, a 10' half-angle conical frustum was 
used ra ther  than f i n s  as  a s tab i l iz ing  surface f o r  t h i s  stage. 
sions of the f ins ,  f l a r e ,  and adapters a re  shown i n  figure 1. These 
components were fabricated from standardized designs used by the Langley 
P i lo t less  Aircraft  Research Division. 

The f i r s t - s tage  fins were production mi l i ta ry  Honest John 

Because of the high velocit ies and temperatures 

Dimen- 

The nose cones of models 1 and 2 were designed and constructed by 
the University of Michigan Research Ins t i tu te  and were attached as  an 
in tegra l  uni t  t o  the forward face of the th i rd  stage. These nose cones, 
which housed the instrument packages, were truncated 4 . 3 O  half-angle 
cones with 9.0-inch-diameter cylindrical afterbodies. Model 1 had an 
afterbody length of 7.5 inches and model 2 had an afterbody length of 
9.5 inches. 

Instrumentation 

Instrumentation of models 1 and 2 included accelerometers mounted 
i n  the X, Y, and Z directions and temperature elements mounted on the 
nose cone and inside the nose-cone heat shield.  Data from these instru- 
ments were transmitted i n  f l i g h t  and recorded a t  the ground receiving 
s ta t ion.  
supervision of the Air Force Cambridge Research Center. Telemetered 
data obtained from these t e s t s  w i l l  not  be published by NASA and a re  
the property of the Air Force Cambridge Research Center. 

Telemeter i n s t a l l a t ion  and data analysis were done under the 

Space and velocimeter radar units a t  NASA Wallops Station were used 
i n  both t e s t s  as  was the Millstone Hill experimental radar of the M.I.T. 
Lincoln Laboratory. Ambient atmospheric conditions and wind veloci ty  and 
direction a t  the lower a l t i tudes  were determined, immediately before the 
tests, w i t h  rawinsonde balloons released from NASA Wallops Station. 

Fl ight  Test Programs 

Model 1 had a payload of 83.5 pounds and was launched a t  an angle 
of 7 5 O ;  model 2 had a payload of 81.7 pounds and was launched a t  800. 
Following the f i r s t  boosted phase, the burned-out Honest John booster 
stage drag separated from the remaining two stages. The second and 
t h i r d  stages coasted 25.0 seconds before second-stage igni t ion took 
place. 
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To prevent premature separation of the second and third stages 
during the coast period, these stages were locked together w i t h  a th in  
diaphragm (of the type shown i n  ref .  1) threaded t o  both the  third-stage 
nozzle and the adapter coupling mounted t o  the second-stage headcap. 
When the third-stage rocket motor f i red ,  the thrus t  pressure collapsed 
t h i s  diaphragm and unlocked the burned-out second stage. 

The third-stage ign i te r  was f i r e d  by a pressure switch, cocked a t  
second-stage ignition, which closed as the second-stage motor chamber 
pressure decreased near burnout. After the  t h i r d  stage burned out, it 
coasted i n  f r ee  f l i & t  (with the instrument package) through apogee t o  
impact. 

RESULTS OF TWO FLIGHT TESTS 

Trajectory 

Figures 3 and 4 present values of a l t i t ude  as  a function of hori-  

Launch angles used were 75' f o r  model 1 
zontal range as  determined from Millstone H i l l  t racking radar fo r  
models 1 and 2, respectively. 
and 800 f o r  model 2. 

Preflight estimates of a l t i t ude  and range f o r  a spherical, non- 
rotating ear th  are  a lso shown i n  figures 3 and 4 f o r  each model and 
tables  1 and 2 present estimates of the performance a t  igni t ion and 
burnout of each stage f o r  both models. 
based on estimated weights and coast times supplied by the University 
of Michigan Research Ins t i t u t e  and do not include wind effects .  Con- 
siderable deviation from estimated t o  ac tua l  t ra jec tory  i s  shown f o r  
model 1. The deviation i s  smaller f o r  model 2. Because of the possible 
combination of a number of parameters involved i n  establishing the actual  
model position a t  these a l t i tudes ,  no attempt has been made herein t o  
account for the deviations shown. A l a t e r  section of the paper, however, 
does discuss the separate e f fec ts  of payload, winds, coast time, and 
launch angle. It w i l l  a l so  be sham t h a t  the deviations shown i n  f ig -  
ures 3 and 4 a re  not unreasonable when these e f fec ts  a re  considered. 

The calculated values were 

Figure 4 a lso  shows a l t i t ude  and range obtained from the NASA 
Wallops Station SCR 584 tracking radar s e t  fo r  the t e s t  of model 2. 
Due t o  the beacon malf'unction i n  model 1 a t  take-off, radar tracking 
from NASA Wallops Station was questionable and i s  not shown f o r  t h i s  
test. 
f o r  model 2, however, was very good p r io r  t o  second-stage igni t ion as  
can be seen by the comparative values of a l t i tude ,  velocity, and Mach 
number s h a m  i n  figure 5 .  

Agreement between estimated and Wallops tracking t ra jec tory  data 

L 
6 
1 
0 

. 
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By using the values of velocity obtained from the Doppler velocimeter 
during the ear ly  portions of the tes t s ,  it was possible t o  determine t o t a l  
drag coeff ic ients  f o r  models 1 and 2 during par t  of the coasting period 
following f i r s t - s tage  separation. 
d i f fe ren t ia t ing  velocity with respect t o  time (a f te r  applying corrections 
f o r  f l i&t-path angle and wind velocity) and computing drag with the 
accelerations thus obtained. 
second-stage base drag and are  based on the second-stage cross-sectional 
area of 1.48 square feet .  

This method consists essent ia l ly  of 

These values of drag coefficient contain 

Values of drag coefficient fo r  the coupled second and th i rd  stages 
during coast a r e  plotted as  a function of Mach number i n  figure 6 from 
the t e s t  of models 1 and 2. Agreement between the two se t s  of data i s  
good between Mach numbers of 1.22 and1.97. 
f i c i e n t  could be obtained from model 1 a t  Mach numbers l e s s  than 1.22. 
Since the  NASA Wallops Station t ra jectory data for  model 1 were question- 
able (as  mentioned previously), values of Mach number, dynamic pressure, 
and Reynolds number were calculated f o r  tha t  model with estimated values 
of a l t i tude .  Figure 7 shows the range of Reynolds numbers (based on a 
character is t ic  length of 1.0 foot)  over which these drag data were 
obtained. 

No values of drag coef- 

CALCULATED PERFORMANCE 

This section of the paper presents the e f fec ts  of some of the var i -  
ables on the performance of the three-stage sounding rocket system dis-  
cussed i n  the previous sections of this  paper. The variable parameters 
considered a re  launch angle, coast time, and payload (where payload is  
defined as  the weight of the package attached t o  the forward face of the 
t h i r d  stage). The t ra jectory data assume a spherical, nonrotating ear th  
v i t h  an inverse square gravitational f ie ld .  
type t ra jec tory  is  explained i n  chapter M of reference 2. 
of t h i s  calculated performance data a t  d i f fe ren t  values of these variables,  
it should be possible t o  evaluate, i n  general terms, the a b i l i t y  of t h i s  
three-stage system t o  perform a desired t e s t  o r  experiment. 

A method of calculating t h i s  
By making use 

Table 3 shows the weight and thrust  data f o r  model 2 which were used 
i n  making a l l  of the estimates discussed i n  t h i s  paper. 
used i n  making the t ra jectory calculations a re  shown i n  figures 8(a) 
and 8(b) (in terms of 

In any adaptation of t h i s  system where the nose-cone shape, f l a r e  angle 
or  f i n  size,  o r  Reynolds number range differed from those considered i n  

The drag data 

) as  a function of Mach number. Drag 
Dynamic pressure 

c 
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t h i s  investigation, it would be necessary t o  reevaluate these drag values 
t o  apply t o  the par t icular  vehicle and t ra jec tory  being considered. The 
same consideration is  applicable t o  the weight data shown i n  tab le  3. 
The only weight variation considered i n  t h i s  section i s  tha t  of payload; 
the effect  on maximum a l t i t ude  and range of varying component weights 
has not been evaluated. Values of thrust  i n  table  3 are  for the Honest 
John, Nike, and Recruit rocket motors a t  sea l eve l  and must be adjusted 
t o  account f o r  the reduced s t a t i c  pressure a t  a l t i tude .  
made i n  t h i s  paper have accounted f o r  t h i s  e f fec t  by considering the 
change i n  the r a t i o  of s t a t i c  pressure t o  chamber pressure a t  the a l t i -  
tudes involved. 
a t  a l t i tude i s  given i n  Chapter 3 of reference 3. 

.' 

The estimates 

A discussion of the method used i n  estimating the thrus t  L 

1 
0 
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hunch Angle 

The calculated variation of maximum a l t i t ude  and range with launch 
angle for  a vehicle having an 81.5-pound payload and 25 seconds coast 
time i s  presented i n  figures 9(a)  and g(b),  respectively. 
tude increases as launch angle increases and it is evident t ha t  the maxi- 
rmun al t i tude would be obtained with a ve r t i ca l  launch. However, since 
the vehicle discussed does not contain guidance or destructor systems, 
launches i n  the v ic in i ty  of populated land areas should be l imited t o  
angles l e s s  than 90° (as i n  the case of models 1 and 2)  as  a sa fe ty  
precaution. Maximum range ( f ig .  9 (b ) )  increases w i t h  launch angles t o  
about 72O and decreases for  greater launch angles. 
increasing launch angle between 7Z!O and 90' is t o  increase maximum a l t i -  
tude and decrease maximum range. 

Maximum a l t i -  

* 

The e f f ec t  of 

Coast Time 

Figures lO(a) and 10(b) show the e f f ec t s  of increasing coast time 
(time between f i r s t - s tage  burnout and second-stage igni t ion)  fo r  a 
vehicle with an 81.5-pound payload launched a t  angles of 800 and 85'. 
The effect  of increased coast time i s  t o  increase the maximum a l t i t ude  
u n t i l  some optimum coast time i s  reached (about 17 seconds fo r  the 80° 
launch and 23 seconds fo r  the 850 launch) and then decrease maximum 
a l t i tude  with fur ther  increase in  coast time. Short coast periods have 
the effect  of  causing second-stage igni t ion t o  occur a t  lower a l t i tudes  
and higher veloci t ies  than do the longer coast times, resul t ing i n  
hi&er temperatures and loads. 
time t o  be used, temperatures and loads associated with the second- and 
third-stage components should be examined. Figure 10(b) shows tha t  f o r  
both launch angles investigated, an increase i n  coast time causes an 
increase i n  maximum range. 

Therefore, before select ing the coast 
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Payload 
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The estimated variation of maximum a l t i tude  and range with payload 
weight i s  shown i n  figure 11 for  a three-stage vehicle launched at 80' 
and 85' and having a 25-second coast time. 
range a re  shown t o  decrease with increasing payload f o r  both launch 
angles. 
of 80' are plot ted for  comparison in  figure l l ( a ) .  

Both maximum a l t i t ude  and 

Data for  a five-stage vehicle of reference 1 at a launch angle 

Estimates of velocity a t  third-stage burnout are  plot ted as a func- 
t i on  of payload i n  figure 12. 
almost unaffected by changes i n  launch angle or coast time, and depends 
almost en t i re ly  upon the payload carried by the th i rd  stage. Payload 
weight, however, was found t o  have an insignificant e f fec t  upon velocity 
at  f i r s t -  and second-stage burnout. 

This maximum velocity was found t o  be  

Effects of Wind 

Figure 13 shows the effect  of one wind prof i le  on the t ra jec tory  of 
a model launched a t  80' with a 2p.econd delay between f i r s t - s tage  burnout 
and second-stage ignit ion (coast t i m e )  and an 81.5-pound payload. 
wind data  tabulated on t h i s  f igure are the same as those discussed i n  
reference 1 and are  a ser ies  of straight-l ine approximations t o  a prof i le  
t ha t  could be encountered in  the eastern United States.  
t i ona l  launching, of course, the wind prof i le  applicable t o  the par t icular  
day and s i t e  location should be used rather than the tabulated wind 
veloci t ies  of f igure 13. 

The 

For any opera- 

Large deviations i n  t ra jectory are shown at the higher altitudes, 
although most of the angular variation was found t o  occur during f irst-  
stage thrusting. 
range a re  shown i n  figure 14, where a headwind is  seen t o  decrease maxi- 
mum a l t i tude  and increase maximum range and a tailwind increases maximum 
a l t i t ude  and decreases range. 

These wind effects  i n  terms of maximum a l t i t ude  and 

Very large differences i n  predicted a l t i t ude  and range a re  seen t o  
r e su l t  from small changes i n  flight-path angle at  third-stage burnout due 
t o  the horizontal headwind or tailwind prof i le  used. The values shown i n  
f igure 14 indicate tha t  the deviation i n  figures 3 and 4 between "no wind" 
estimates and actual  model t ra jectory is  not unreasonable since radiosonde 
data, taken at  the time of launching, indicate tha t  both test  vehicles 
during the ear ly  portions of the t e s t s  experienced a tailwind component. 
For operational launchings where al t i tude and range are c r i t i c a l ,  account 
must be taken of the winds t o  be encountered. . 
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S ta t i c  S tab i l i t y  
L 

Estimates of center-of-pressure and center-of-gravity location, from 
launch t o  third-stage burnout, were made for  t h i s  sounding rocket system 
boosting an 81.5-pound payload. These estimates a re  presented as a func- 
t i on  of Mach number i n  figure 15. 
although the vehicle w a s  s table  a t  a l l  Mach numbers, the s t a t i c  margin of 
the  t h i r d  stage was less  than for  the f i r s t  and second stages. Lighter 
payloads would fur ther  decrease the s t a t i c  s t a b i l i t y  of the t h i r d  stage. 
Consequently, third-stage s t a b i l i t y  must be considered when adapting t h i s  
sounding rocket system t o  a specif ic  t e s t  with a payload l e s s  than 
81.3 pounds. 
on the vehicles tes ted and it i s  possible tha t  tumbling or spinning 
occurred at the higher a l t i tudes.  Tumbling at low density a l t i tudes  
should have no appreciable e f fec t  on the t ra jectory of the burned-out 
t h i r d  stage, but it could be undesirable for  cer ta in  types of t e s t s  i n  
which case spin s tab i l iza t ion  of this stage might be necessary. 

It can be seen from f igure 15 that, 

No a r t i f i c i a l  s tab i l iza t ion  f o r  the t h i r d  stage was employed 

Booster Trajectories 

Estimates were made t o  determine the t ra jec tor ies  followed by the 
expended first- and second-stage boosters after separation. The condi- 
t ions  chosen as s ta r t ing  points f o r  these estimates were those associated 
with a vehicle launched at  80°, with a coast time of 25 seconds. The 
calculated drag data used i n  making these estimates a r e  shown i n  f ig -  
ure 8 ( b ) .  
sents the maximum a l t i tude  and impact range of the stages: 

Wind effects  were not considered. The following table pre- 

Maximum a l t i tude  Impact range 
(naut ical  miles) (naut ical  miles) 

Burned-out f i r s t  stage 5- 8 3.3 

Burned-out second stage 18.3 17.5 
I I I 1 

CONCLUDING REMARKS 

Two successful operational launchings of a three-stage solid-fuel 
sounding rocket system have been made. 
capability of carrying an 81.5-pound payload t o  an a l t i t ude  of 253 nauti- 
ca lmi les .  Estimates have been made which show tha t  the maxhum a l t i t ude  
and range of such a system will be dependent on the payload weight, launch 

This system has demonstrated the 
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angle, and delay time between f i rs t -s tage burnout and second-stage igni- 
t ion  used i n  a par t icular  test. 
s i t e  w a s  a lso shown t o  have an ef fec t  on the maximum a l t i tude  and range. 

Wind-velocity prof i le  at  the launching 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va. ,  August 4, 1959. 
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0 
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TABU 1.- ESTIMATED PERFORMANCE OF MODEL 1 AT I G N I T I O N  

AND BURNOUT OF EACH STAGE 

[Calculated maximum al t i tude,  189 naut ical  m i l e s ]  

F i r s t  stage I Second stage I Third stage 

3urnout -r l-  Ignition Burnout Ignition Burnout Ignition 

Altitude, f t  

Horizontal range, f t  

Velocity, f t / sec  

Flight -path angle , de6 

0 I 5.20 1 30.20 Time, sec 

TABLE 2.- ESTIMATED PERFORMANCE OF MODEL 2 AT I G N I T I O N  

AND BURNOUT OF EACH STAGE 

LCalculated maximum altitude, 239 nautical  m i l e s ]  

F i r s t  stage I Second stage Third stage 

Ignition1 Burnout1 Ignition Burnout 

48,246 

13, 593 

~~ 

Altitude, f t  0 I 6,413 I 40,741 48,246 I 60,461 

0 I 1,318 I 10,466 13,593 I 18,777 Horizontal range, f t  

Velocity, f t /sec 

Flight-path angle, deg 

Time, s ec  

4, 322 

80.00 I 78.01 I 68.16 67.06 

33.40 33-40 I 35 .a  
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1,696 
1,009 

9 56 

TABLE 3.- ESTIMATED WEIGIET AND THRUST VALUES FOR MODEL 2 

USED IN CALCULATING PERFORMANCE PARAMETERS 

[Linear variations were used between points tabulated 

Fl ight  phase Time from 
launch, sec Weight, lb 

First-stage 
thrusting 

Stages 2 and 3 
coasting 

5-20 1 1,696 
30.20 1,696 

Second-stage 
thrusting 

Third-s tage 
thrusting 

33.40 
34.95 
35.20 

435 
194 
179 

Third-stage 
coasting 

35- 20 
800.00 

179 
179 

Thrust at  
sea level, lb 

~~ 

84,000 
84,000 

0 

0 
0 

42,500 
50, ooo 

0 

37,000 
30, ooo 

0 

0 
0 

I 
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Figure 2.- The second three-stage vehicle on the lawicher. 
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Horizonta l  range ,  n a u t .  m i l e s  

Figure 3. -  Flight t e s t  data and estimated t ra jectory for model 1. 
Launch angle = 75'. 

Horizonth l  range ,  neut .  m i l e s  

Figure 4.- Flight t e s t  data and estimated t ra jec tory  for model 2. 
Launch angle = 80'. 
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(b) Values used to calculate expended first- and second-stage booster 
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Figure 8. - .  Concluded. 
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Figure 10.- Variation of maximum altitude and range with coast period. 
( 81.5-pound payload) 
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Figure 13. - Effects of constant direction horizontal winds on flight-path 
angle. Launch angle = 809; coast i h ~  = 25 sec; pqvload = 81.5 lb. 
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